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Remarks 



The above Amendments and these Remarks are in reply to the Office Actions maj led April 1 6, 
2003 and August 1, 2003. 

Applicants have included claims 1-10, which had been previously cancelled. 

Claims 32 and 36 have been amended to correct typographical errors, and thus are not 
narrowing amendments. Claims 38-44 have been amended to correct antecedents and are be not 
narrowing amendments. 

Claims 11-16, 24-27, 30-3 1 and 36-46 stand rejected under 35 U.S.C. § 102(b) as anticipated 
and/or obvious under 35 U.S.C. §103 by Saraet ai (EP 0366638; published 02.05.90 "Sara 1") alone 
or in combination with the instant specification at pages 1-2 to demonstrate inherency e.g., 
damage/loss of glial cells resulting from [due to] neural damage/injury e.g., from 
asphyxia/ischemia/hypoxia/stroke, and dementia disorders such as Alzheimer's addressing non- 
dopaminergic neurons. Office Action, page 4, paragraph 7. Additionally, 'Thus, the reference 
treatment of neurodegenerative/neurocatabolic disease states and ischemic brain damage (e.g., stroke 
and asphyxia) addresses the treatment ofinjuries or disease which result inneural cell death." Office 
Action, page 7 bridging to page 8. Applicants respectfully traverse the rejections. 

I. Anticipation 

Applicants submit that Sara 1 does not anticipate, either expressly or inherently, the instant 
claims. MPEP 2131 states: 

A claim is anticipated only if each and every element as set forth in 
the claim is found, either expressly or inherently described, in a single 
prior art reference [references omitted]. The identical invention must 
be shown in as complete detail as is contained in the ... claim 
[reference omitted]. Emphasis added. 

Express Anticipation 

Sara 1 does not disclose "protecting glial cells ornon-dopaminergic neural cells in a mammal 
against death from neural injury or disease comprising the step of administering to said mammal a 
neuroprotective amount of . . . GPE, " and therefore doesn't expressly disclose "each and every 
element as set forth in the claim" as required. The Examiner's statement "[tjhus, the reference 
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treatment of neurodegenerative/neurocatabolic disease states and ischemic brain damage (e.g., stroke 
and asphyxia) addresses the treatment of injuries or disease which result in neural cell death" is 
unclear. Applicant does not understand whether the term "addresses" was intended to mean 
"anticipates," Clarification is requested. However, regardless of the meaning of the term 
"addresses/' Applicants assert that altering neurotransmitter release induced by cellular 
depolarization does not necessarily include treating "injuries or disease which results in neural cell 
death.*Thus, Applicants respectfidly submit that Sara 1 does not expressly disclose each and every 
element of claim 1 1 . 



Inherent Anticipation 

Applicants submit that Sara 1 does not inherently anticipate the instant claims. MPEP 2112 

states: 

To establish inherency, the extrinsic evidence 'must make clear that the 
missing descriptive matter is necessarily present in the thing 
described in the reference, and that it would be so recognized by 
persons of ordinary skill. Inherency, however, may not be 
established by probabilities or possibilities. The mere fact that a 
certain thing may result from a given set of circumstances is not 
sufficient. Emphasis added. 

Firstly, Applicant's claims are drawn to "methods for treating" and not to "compositions." 
Applicants note that a claim is drawn to an "invention" and that invention requires a conception and 
reduction to practice. Applicants note that the discovery of a new effect or new use of a known 
composition results in a new "conception* 1 and thus a new "invention" that is not necessarily 
unpatentable. Thus, Applicants' discovery of '^protecting glial cells ornon-dopaminergic neural cells 
in a mammal against death from neural injury or disease comprising the step of administering to said 
mammal a neuroprotective amount of*.. GPE" is not necessarily rendered unpatentable by prior art 
disclosing either GPE or other uses of GPE. 

Missing Elements Defeat Anticipation by Inherency 

Applicants respectfully submit that there are elements missing from the prior art necessary to 
link a "neuromodulator" effect of Sara 1 and "neuroprotective" effects of the instant application, 
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Specifically, the words '^neuromodulator" and 'Neuroprotective" do not have the same plain meanings, 
and are used differently in the documents themselves. Applicants enclose as Appendix I, copies of 
relevant pages of the Random House Unabridged Dictionary (Second Edition). 

Plain Meanings of "Neuromodulator* and "Neuroprotective" 

The term "neuromodulator" is a compound word made of the prefix "neuro," which is 
understood by persons in the art to refer to neurons . The remainder of the word is "modulator" which 
is subject to definition by referring to its plain meaning as defined in dictionaries. 

The Random House Unabridged Dictionary (Second Edition) defines "modulator" to mean: 
"A person or thing that modulates." 

The word "modulate" means: 



(1) to regulate by or adjust to a certain measure or proportion; 

soften; tone down. (2) to alter or adapt (the voice) according to the 
circumstances. (3) Music (a) to attune to a certain pitch or key. (b) to 
vary the volume of (tone), (4) Telecommunications: (a) to cause the 
amplitude, frequency, phase, or intensity of (a carrier wave) to Yacyin 
accordance with a sound wave or other signal, the frequency of the 
signal wave usually being veiy much lower than that of the carrier. , . 
Emphasis added. 



Likewise, the words Neuroprotective" and Neuroprotection" are compound words consisting 
of the prefix "neuro" andtheremainderbeingeither << protective" or "protection." The Bandom House 
Unabridged Dictionary (Second Edition) defines "protection" to mean: 



Applicants notsthat the dictionary does not list either as a synonym of the other Thus, the two terms 
"modulate 7 ' and '^protect" have different plain meanings. 

Applicjuits submit that the word Neuromodulatc" as used in Sara 1 > most closely fits with the 
definition above "to regulate by or adjust to a certain measure or proportion.'* The Experiments 
described in Sara 1 demonstrate that GPE can "regulate or adjust"' the function of neurons in brain 
slices by increasing or inhibiting the release of acetylcholine or by increasing the spinal reflex 
response. 



(1) the act of protecting or the state of being protected; preservation 
from injury or harm. (2) a thing, person, or group that protects: 

This vaccine is a protection against disease. . . Emphasis added. 
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Applicants also submit that the meaning of the claim limitation "neuroprotective amount of . 
GPE" means an amount of GPE that is Neuroprotective," Applicants further submit that the definition 
described above applies to the claim language: "preservation from injury or hann" or "a thing. . that 
protects." 

The Terms "Neuromodulator 5 ' and "Neuroprotective 59 are Used Differently By Sara and 
by Applicants 

Sara 1 uses the term "neuromodulator" in relation to results of acute, in vilro studies on brain 
slices (e.g., Example 2), in which GPE "is a modulator of neural function, thereby stimulating or 
inhibiting neural activity." Col. 1, lines 36-37; emphasis added. Sara 1 also discloses results of 
studies showing potentiation of spinal cord reflexes by GPE. Applicants assert that this use of 
Neuromodulator" is very close to the plain meaning above, namely "to regulate [neurotransmitter 
release or spinal reflexes] by or adjust to a certain measure or proportion [e.g., by GPE]." 

Additionally, another publication by Sara, after the publication of Sara 1 sheds light on the 
meaning of the term Neuromodulator." In the article, "Neuroactive Products of IGF-l and IGF-2 
Gene Expression in the CNS " Molecular Biology and Physiology of Insulin and Insulin-Like Growth 
Factors, Plenum Press, New York; pp439 -448 (1991 )("Saia3; copy provided herewith as Appendix 
EI) provides insight into the meaning of the term as used in Sara 1. 



Applicants can find no indication in Sara 3 that the term "neuromodulation" had any other meaning, 
including meaning "neuroprotective" or any other term relating to enhancing survival of "glial cells 
or non-dopaminergic neurons." * Applicants therefore respectfully submit that the tern 
Neuromodulator" means a Neuromodulator regulating neurotransmission." Applicants submit that 
the term Neurotransmission" is understood by those of skill in the art to refer to the release of 
neurotransmitters from neurons and the actions of those neurotransmitters on post-synaptic neurons and 
does not refer to an ability to promote growth or survival of neurons or other cells. 

In contrast, Applicants use the term Neuroprotective" refers to inhibition of cell death, as 
pointed out in claim 1 1 : "A method for pr tecting glial cells or non-dopaminergic neural cells in a 



GPE is believed to act as a neuromodulator regulating 
neurotransmission. GPE is the first example of the product of a 
growth factor gene having a specific role in neurotransmission. Page 
443; emphasis added. 
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mammal against death from neural injury or disease comprising the step of administering to said 



mammalaneur protectiveamountof.,.GPE.»"Emphasisadded_ Applicants submit that their use 
of "neuroprotection" is close to the above dictionary definition: 'the act of protecting or the state of 
being protected; preservation from injury or harm. (2) a thing, person, or group that protects: 
This vaccine is a protection against disease. . . " [Emphasis added, italics in original] 

Additionally, for Sara 1 to inherently anticipate the instant claims, persons of ordinary skill 
would have to believe that both increasing and decreasing neurotransmitter release axe necessarily 
linked to "protecting glial cells or non-dopaminergic neural cells in a mammal against death from 
neural injury or disease." If the Examiner is aware of any evidence of such a reasonable belief, he 
is requested to provide such evidence, through either aprior art reference if available, or an Affidavit 
or a Declaration. 

Further, Applicants invite consideration of what is not disclosed in Sara 1 . Although Sara 1 
discusses potential uses of GPE to treat dementias, but Sara 1 does not provide an enabling disclosure 
of any such use. Sara 1 discloses no experiments on neural survival. Sara 1 discloses (1) no in vivo 
experiments in which GPE was used, (2) no long-term studies of any effect of GPE, (3) no experiments 
in which neural survival in vivo or in vitro was measured, and (4) no link between acute in vitro 
studies on acetylcholine release or spinal cord reflexes and survival of any cell type. Further, (5) 
none of the studies were described as being on brain slices from any animal that had been subjected 
to neural damage or disease. Thus, Applicants conclude that Sara 1 did not describe any conception 
and reduction to practice of any "neuroprotective" effect of GPE, and therefore cannot anticipate the 
instant claims. 

Finally the Examiner has provided no evidence that necessarily links "stimulating or inhibiting 
neural activity 1 * with "protecting glial cells or non-dopaminergic neural cells in a mammal against 
death from neural injury or disease" as in claim 11. [Emphasis added.] 

Therefore, Applicants submit that Sara 1 cannot inherently indicate that neuromodulation is 
useful for "protecting glial cells or non-dopaminergic neural cells in a mammal against death from 
neural injury or disease" Although it maybe possible that such an effect exists, such a possibility 
cannot sustain a rejection based on inherency "Inherency, however, may not be established by 
probabilities or possibilities. The mere fact that a certain thing may result from a given set of 
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circumstances is not sufficient." MPEP, Id. Thus, Applicants submit that a prima facie case for 
anticipation has not been made. 

. In light of the dearth of enabling disclosure about roles ofGPE on neuroprotection, Applicants 
submit that Sara 1 cannot anticipate the instant claims. 

II. Obviousness 
A. Sara 

Claims 1 1-17, 24^27, 30-31 and 36-46 stand rejected under 35 U.S.C §103 as obvious over 
Sara (Sara 1), 



Applicants respectfully submit that the instant claims cannot be rendered obvious by Sara 1 . 
As described above, Sara 1 discloses that GPE either "stimulates or inhibits" neural activity and can 
potentiate spinal cord reflexes. However, Sara 1 neither teaches nor suggests that GPE can be 
effective in "protecting glial cells or non-dopaminergic neural cells in a mammal against death from 
neural injury or disease." [Emphasis added.] Applicants therefore submit that Sara 1 cannot render 
the instant claims obvious. 

Thus, at best, the experiments disclosed in Sara 1 provide an invitation to experiment" on 
possible effects of GPE on brain slices from brain-damaged or brain-diseased animals, but could not 
have provided a reasonable basis to conclude that acute effects of GPE on neurotransmitter release 
inherently discloses any property of GPE to promote "protecting glial cells or non-dopaminergic 
neural cells in a mammal against death from neural injury or disease." Rather, for Sara 1 to render 
the instant claims obvious, both potentiation and inhibition of acetylcholine release would have to 
relate to "protecting glial cells or non-dopaminergic neural cells in a mammal against death from 
neural injury or disease". No link between neurotransmitter release and either disease or cell death 



To establish a prima facie case for obviousness, three basic criteria 
mast be met. First, there must be some suggestion or motivation, either 
in the references themselves or in the knowledge generally available 
to one of ordinary skill in the ait, to modify the reference or to combine 
reference teachings. Second, there must be a reasonable expectation 
of success. Finally, the prior art reference must teach or suggest all 
the claim limitations . The teaching or suggestion to make the claimed 
combination and the reasonable expectation of success must both be 
found in the prior art, and not based on applicant's disclosure. 
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was made in Sara 1 , nor was there any disclose of conception or understanding that intervention using 

GPE could result in decreased neural cell death (neuroprotection). 

Regarding the fact that a prima facie case for obviousness requires a "motive to modify the 

reference" and Reasonable likelihood of success," Applicants note that a subsequently published 

article by Sara ("The Biological Role of Truncated Insulin-like Growth Factor- 1 and the Tripeptide 

GPE in the Central Nervous System" Annals of the New York Academy of Science; pp: 183 - 191 

(1991); "Sara 2"; copy enclosed in Appendix H) addresses similar issues as in the Sara EP 0366638 

("Sara 1") but actually teaches away from Applicants 7 claims. In particular, Sara 2 states: 

Extensive in vivo studies have not revealed any growth-promoting 
activity of GPE. ... As shown in Figure 4, no significant growth 
effects, including tail length and organ weights, were observed. Page 
187, middle of first full paragraph. 

Thus, Applicants submit that at the time of publication of Sara 2, the first inventor of Sara 1 (Sara) 

could not have had a reasonable belief that GPE could be a growth modulator, and thus that there 

would be neither a motive to try nor a reasonable likelihood of success at achieving the Applicants 7 

invention. In the absence of a reasonable belief by the primary inventor, Applicants submit that no 

person of ordinary skill could have such a reasonable belief. Applicants submit that both Sara 1 and 

Sara 2 considered GPE to be an agent that acted on neurotransmitter receptors and not as a growth 

promoting hormone. Because Sara 1 was silent about any effects of GPE to promote protecting glial 

cells or non-dopaminergic neural cells in a mammal against death from neural injury or disease," 

Applicants sub mit that at the time of publication of S ara 1 , there was neither motive nor a reasonable 

belief that GPE could so act. 

Additionally, Sara 3 provides insight into the teaching of Sara 1. In particular 

The peptide products from expression of the IGF-1 gene in the brain, 
namely truncated IGF-1 and GPE, appear to induce biological 
responses via two separate mechanisms. The action of truncated IGF- 
1 is mediated via the IGF-1 receptor. GPE does not cross-react with 
the IGF- 1 receptor, but rather in the NMDA receptor, and possibly an 
additional, as yet undefined, mechanism. 

Instead, GPE cross-reacts in the NMDA (N-methyl-D-aspart ate) 
receptor which is a subtype of receptors for the major excitatory amino 

acid neurotransmitter giutamate GPE potentiates the release of 

dopamine via interaction in the NMDA receptor. 
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In conclusion, . . . GPE is believed to act as a neuromodulator 
regulating neurotransmission. GPE is the first example of the 
product of a growth factor gene having a specific role in 
neurotransmission. Page 443; emphasis added. 



Thus, as with Sara 1 and Sara 2, Sara 3 neither teaches nor suggests any role of GPE for protecting 
glial cells or non-dopaminergic neural cells in amammal against death from neural injury or disease" 
or for providing any other growth-promoting effect on any cell type, including neurons or glial cells. 

Rather, Applicants respectfully submit that the motive and reasonable likelihood of success 
were provided by the Applicant's own instant disclosure. 

B. Sara in View of Sibalis 

Claims 11-17, 24-27 , 30-31 and 36-46 stand rejected under 35 U.S.C.§103 over Sara (Sara 
1) in view of Sibalis (U.S. 5,032,109; "Sibalis"). 

Applicants incorporate herein the discussions presented above for Sara 1 . 

The Examiner stated that Sibalis teaches transdermal delivery of polypeptides containing 
about three to 20 alphaamino acid units." However, Applicants can find no teaching in Sibalis and 
Sara 1 together of any method for "protecting glial cells or non-dopaminergic neural cells in a 
mammal against death from neural injury or disease," Thus, the combination of Sara 1 and Sibalis 
does not disclose all the limitati ons of the pending claims with a reasonable likelihood of success, and 
thus cannot render Applicants' claims obvious. Applicants therefore urge the Examiner to reconsider 
the rejection and find the claims allowable. 

C. Sara in View of Gluckman 

Claims 1 1-1 6 and 1 8-46 stand rejected under 35 U.S.C. § 103 over Sara (Sara 1) in view of 
Gluckman (WO 93/02695; "Gluckman"). 

Appliczmts incorporate herein the discussions presented above for Sara 1 . 

The Examiner stated that Gluckman teaches "a method for treatment or prevention of CNS 
damage caused by neurodegenerative disease and trauma which primarily causes damage to glia 
and/or other non-cholinergic cells in the CNS." Office Action, page 9, bottom paragraph. The 
Examiner also stated "It is noteworthy that the Gly-Pro-Glu peptide, as presently claimed, is derived 
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from the N-terminal three amino acids of IGF-1 peptide." Office Action, page 10 bottom of first 
paragraph. 

Applicants note that Gluckman does not disclose "protecting glial cells or non-dopaminergic 
neural cells in a mammal against death from neural injury or disease, comprising administering a 
neuroprotective amount of GPE ..." as in claim 11. Nowhere in either Sara 1 nor Gluckman, nor 
in the combination of Sara 1 and Gluckman together, is any teaching of the use of GPE as in claim 1 1 . 
Thus, the combination of Sara 1 and Gluckman does not disclose all the limitations of the pending 
claims with a reasonable likelihood of success, and thus cannot render Applicants' claims obvious. 

Although GPE is the N-terminal tripeptide of IGF-1, both Sara 2 and Gluckman teach away 
from GPE as aneuroprotective agent. First, Gluckman teaches that IGF- 1 is neuroprotective (e.g., see 
Abstract and Summary of the Invention, page 3, first paragraph). Next, Sara 2 states: 'The 
aminotenninal tripeptide of IGF-1, GPE, displays a different range of biological actions compared 
to truncated IGF-1 . These effects are not mediated by IGF-1 receptors. As shown in Figure 3, GPE 
fails to cross-react with the IGF-1 receptor and does not influence the binding of either intact or 
truncated IGFL to the receptor." Page 187, middle paragraph, middle section. Thus, Applicants 
submit that one or ordinary skill in the art would view Sara 1 in the same light as Sara 2, and when 
combined with Gluckman, would provide no motive to nor a reasonable believe m the success of, any 
study to determine whether GPE had neuroprotective properties. 

Rather, Applicants submit that the instant disclosure provided the link between IGF-1, GPE 
and protecting glial cells or non-dopaminergic neural cells in a mammal against death from neural 
injury or disease, comprising administering a neuroprotective amount of... GPE ..." as in claim 1L 
**To date, there has been no enabling reference in the prior art to the manipulation of the cleaved 
tripeptide GPE itsel f to prevent or treat CNS injury or disease leading to CNS damage in vivo" Page 
3, third paragraph. Using such hindsight reconstruction to argue for unpatentability is impermissible 
under 3 5 U.S.C. § 1 03, the MPEP and case law. Applicants therefore urge the Examiner to reconsider 
the rejections and find the claims allowable. 

HI. Conclusions 

Applicants respectfully submit that there is insufficient showing that Sara 1 either expressly 
or inherently iinticipates or renders the instant claims obvious and that no prima facie for either 
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rejection has been made. Applicants respectfully request the Examiner to provide the missing 
evidence necessary to make a prima facie showing of either anticipation or obviousness. In the 
absence of such evidence, either through citation of a publication or through an Affidavit or 
Declaration, Applicants request the Examiner to reconsider the rejections and find the claims 
allowable. 

Further, Applicants conclude that no combination of Sara 1, Sibalis or Gluckman taught or 
suggested, with a reasonable likelihood of success, all limitations of the instant cJ aims, and therefore, 
that no combination of those references renders the instant claim obvious. In fact, Sara 2 actually 
taught away from the instant claims. Because Sara 2 was published after Sara 1 , Applicants conclude 
that any interpretation of Sara 1 to teach "protecting glial cells or non-dopaminergic neural cells in 
a mammal against death from neural injury or disease, comprising administering a neuroprotective 
amount of .„ GPE ..." is not supported. 

In light of the above, it is respectfully submitted that all of the claims now pending in the 
subject patent application should be allowable, and a Notice of Allowance is requested. The 
Examiner is respectfully requested to telephone the undersigned if he [she] can assist: in any way in 
expediting issuance of a patent. 

The Commissioner is authorized to charge any underpayment or credit any overpayment to 
Deposit Account No. 06-1325 for any matter in connection with this response, including any fee for 
extension of time, which may be required. 



Respectfully submitted, 



Date: 




D. Benjamin Borson, Ph.D. 
Reg. No. 42,349 




FLDBSLER DLBB MEYER & LOVEJOY LLP 
Four Embarcadero Center, Fourth Floor 
San Francisco, California 941 H-4156 
Telephone; (415) 362-3800 
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APPENDIX I 

Copies of Relevant Pages from 
Random House Unabridged Dictionary (Second Edition) 
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&-der-5oruvBeck«er Cmo'daa zon tick'on). n_ Pau. 

(jxm'lii), 1876-1907, German painter j 
Mj»e5t (mod'iet), cuij. l. having or ihovring a mod- 1 
•ate or humble estimate of one's merits* importance, 
t: free from vanity, egotism, boastful™**, or great 
•e tension*. Z. free from OSUntaSon or showy extrava- 
mcc: a m defeat house. 3, having or shewing regard for 
te decencies of behavior, speech, dress etc.; decent: q 
*dest necftfine oh a drws. 4. limited or tnodera^ in 
ttOUnt, C^teriL, etc.: a mod**! increase 11 ratory. [155$~ 
5; < L modcttu* restrained, decorous, aqujv. U) modes, 
. of 'm.odu*. an $-=tem akin to modus mopc , perh. < 
Tiedos, with th* vowel of modus: cf. modemri to KOb- 
kxTt. from the dame n- + *«J. =uffli] 

-mod'avt-iy. adV. 

— Syru 1- retiring uneseuming. 1. Z- unpretentious, 
nobtrusive. 3. pare, virtuoua. MOdbsi, demure, pnm>. 
b imply conformity to propriety and decorum, arid a 
Lgtnxte for anything coarse or loud. Mopsar impliea a 
seeming shyness, sobriety, Mid proper behavior: a mod- 
tU telf-respccting person. Dexuk* implies a baahfal, 
irict shnplirity, staidnetss, and decorum; but can also 10- 
icate an assumed or affected modesty q demure young > 

girt Prudish euygests an exaggeratedly eelT-con. 
aoua modesty or propriety in behavior or conversatign 
rone who wishes to be thought pf aa eaisily shocked and 
'ho often is intolerant; a prudish objection to a harmless 
smorfc. —Ant. 3, bold, coarse. I 
OHfe$»tO (ra& dea'W), n_ a dty in central California, 
DM05. 

iOd*6£-& (mod's ste), n_ pi -tkii. 1. the quality of 
cioff modeet; freedom from vanity, boaatftuncss, etc, 2_ ; 
egaxd for decency of behavior ope^ch, dress, etc- 3. J 
implicit* moderation, (1525-35- < L modeahc, See j 

tODEST, -V»J 

lOd^©Sty parcel, a paad across the front of a desk, 
sp, an office dealt, designed to conceal the less or a per- 
on seated at it 

IODFET (mod'fet/), n_ Electronics, modulation-doped 
Tdd effect transistor. 

MGk, Modem Greek. Alao, Mod. Gk., W«L Gr. 
lodHub, Modem Hebrew. Also, Mod. Hob, 
lod-i-cum (moo7i karri), rv. a moderate or small 
mount! He hasnt even a rru?dicu.m \rf common scrue. 
1425-75: late ME < L, n- use of neut. ofmodicus moder* 
to, equiv. to modi-, comb, form of modus limit (ass 
code 1 ) -+- -cus adj. suffix] 
KMtlf^ modification. 

IOCr»T-fi*Cand (mod/* fi knndO> ^ Gram, a word that 

8 modified, or Qualified by another, in red book*, &ogfc* 
1 a modificand- [1925-35: < h modificGndutn (a tniae) 

0 be measured or limited, gcr. of modifwiv* to momtv] 
1od*l»fi»c£»tfon (mod/e fi kB/shou). rv. 1_ an art or 
natancc of modifying- 2- the atate of being modified; 
tartial alteration, a. a modified form; variely. 4^ B10L 

1 change In a living organism acquired from it* own ac- 
i^ity or environment and not bmnemitted tp its deacend- 
ints. 5. limitation or qualification. 6. Oram. a. the w 
)T a modifier in a construction, or of oiodiflei* in n cku* 
if constructiona or in a language, b. the meaning of a 
nodifier, esp. as it affects the meaning of the word or 
ither form modified: Limitation- is one kind ofrnodifico- 
ion. c a chojuje in the phonolofjica) shape of a mor- 
pheme, word, or Other form when it function* as an cle- 
Tient in a construction, as the changi: of not to ~n t in 
ioesnt dL an adjusnnent in the Torm of a word as it 
3 asses from one IanguaRe to another. [1495-1505, < 1* 
-nodifiCntiOn- [s- of modi/tCufiO), equiv. W> modi/ieaUU^ 
Dtp. Of rrmdiflcarc'. see KOPimrJ + -ion- -»on] 

lo*H.fl.ca*tO-ry (mod^e fi to 8 4 
jnodifying. Alao. mooVi-n-eo'tlva. £1315^5: < L 

rvodificai{us) (eee MOPi«CATION) + -*>*V l ) 

nod^med Amer/ican plan/ r tin hotels) a ayatemof 
paying a single fuced rate that covers room, breakfas^ 
and one other meal, usually dinner. Aoor; MAr cr. 
Simeclcan plait defnl-perrcion, European plan. 
nodM-fr>er Cmod/» fi^er), n, 1- o> ptirson or bing that 
modiflce. 2. Gram. * a word, phrase, or sr-ntfince de- 
ment that limits or qualifies the sens* of another wor a. 
phrase, or element in the same construction, b, t the im- 
mediate constituent of an endocentriL- construction that 
Is not the bead. [1575-^5; modot + : er*] 
— Usage. See dartglhtc partlcmla. ml spue™ 
modfirier 

nOd-I fy (mod'5 HO. «l. ^Ited, ^fy<ln^ , — 1- 
change somewhat the form or qonlitiej of* alter partwiuy; 
amend: tp modify a contract. 2. Oro"- C°f a wor J 
phrnae. or dauee) to stand in a syntactically Subordinate 

relation to Caoothcr word, phrase* «r clause), uscuaig 
with descriptive, limiting, or particularizing meaning; 
a modifier. In a good man, good modifier man. 3_ to be 
the modifier or attribute of! 4. to change la voweD W 
umlauc 3. to reduce or lessen in de|roe or extent; mod- 
erate; soften: to modify one's d^mnndt-. — U.i- 6. to beer 
become modified. (i350-la00: ME modi/tim < OT 
modifier < L Tnodifienrc to impose a rule or Pattern, 
rettilate, restrain. See mode', -irv] —moti't-TV**** 
adj. — mod/Hl^a*blKI-ty. mftd^HI'a-WwtioM, n- 
— Syn. 1. vary, adjust, ahape. refbrm. S. > tOD '!l; 
qu*xify. temper suggest altering an ori#£fd staternen^ 
condition, or the like, so as to avoid anything ** c< *?' r 
or extreme. To modify in to alter in one or more pe^""_ 
lara. generaUy in the direction of leninncy or moxier?uoo- 
tO modify demand*, rates. To QUALIFY IS to r*«tnCt or 
limit by exceptions or conditions: to qualify One 9 prats*- 
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rmr-di-CHlUS (mo di^a lee. me-), n., pL (-liO-AnaL 
the central, conical »is of the cochlea <»f thenar. [168B- 
95- < NL, nave of a wheel bucket, drinking veaael, 
cauiv to modi(u*) a dry measure (perh. deriv. of modus 
Sopa 1 ) -r - OLEl ) — me-dl/iHar, adj. 

rrtod-lsti Cmo^dioh). adj. in the current fashion; stylish. 
J1650-6O; move 1 + -raw'] — m<x^teh4y r adu — mod/- 

. Syn. smart, chic, fashionable, trendy- 

rrtOfdlstd (mD de*f; f>. mo dtef), n., pL -dastea 

l^deMS'- ^ -des*/>- Older n female mdttf of Ox 

dealer in women's fashionable attire-. [1630-40; < F; see 

MOD* 1 . -VJt) 

Mo*d]e5*ka (m6 jei/ka), n. He-le-na (ha Ie/n»), (Hel- 
ena Ctoid Modreejercsfcxa). 1840-1909, Pob'sh actrcea, in 
U.S. after 

|M0*d0C (mo^dok). n.. pL -do**, (esp. rol(ect»Mery) -doc. 
a member of an American Indian people belonging to the 
Lutuamian group and ranging from southern Oregon to 
northern Q^Ufornia. 

tno'dock wool' (ma'dok)- See territory wool [jcpc- 
Qnl use of Modoc) 

mod. pril&SCi (in nrescriptions) in the manner pre- 
scribed; 04 directed. [< L modo prtuzcrip£o) 

MO-dred (ix»Sdrid)i fU Arthurian Ramanac tho 
nephew and treacherou* killer of Arthur. Alao, Mor- 
drod. 

mod-U-lar (mo/5 tor), adj. 1. of or pertaining to a 
module or a modulus. 2. composed of standardized units 
or sections for easy construction or flexible arrnngernent: 
0 modular home; a modular sofa, 3* Math, (of a lattice) 
having the property that for any two elements with one 
less thnn the oth&r. the union of die smaller clement 
with the intersection of the larger- element and any third 
element of the lattice is equal to the intersection of the 
larger element with the union of the smaller element and 
the third element.. 4. Computers, composed of software 
or hardware modules that can be altered or replaced 
without affecting the remainder of the ayatem. — n_ 5. 
something', as a house or piece of furniture, built or- or* 
ganized in self-contained Unita or sections. 6. a self-COn- 

lained unit or item, as of furniture, that can be combined 
or interchanged with others like it to create different 
shapes or designs. [1790^1800; < NL nodularis. See 
MODULE, -AS 1 ) 

modSdlar aWthSmetlC, arithmetic in which numbers, 
that are congruent modulo a given number are treated 
as the same. Cf. o im i iej u cmic» rdef, 2), modulo, modulus 
(def. 2b). [L955-G0] 

mod.iHar*My (moi'a Mi UJ, nwd'y*-), n, the use of 
individually diatlcLCt functional >in4>A aa in aaaambling an 
electronic or mechanical system. [1935-40; modular -r 
-rrr] 

mod«u»lar*lzo (meye rteO, n,^ -tzvd. -b-ln«v to 
iotmpr organize into modnlcs, as for flexibility- Aiso. 
esp. BriL, mod/u-taflse^. {1955-60; MODULAR 4- -lZBj 
~mpd/u-larv|.za/ttorv tx. 

mod-lFlatO (mo/o 15!/), 4at-ad. -tat*me — v x X. 

to regulate by or adjust to a certain rneasnxe or propor- 
tion; Boften; tone down. 2. to alter or ndnpt (the voice) 
BttoTdine to the eircumstancefl, one's, listener, etc 3. 
Muiic a, to attune to a certain pitch or key. bv to vary 
ihc volume pf (tone). 4, Telecommunications, to caus* 
the amplitude, frequency, pha^Cr or intensity of (a cex- 
n * r woce) to vary in accordance with a sound wave or 
other ni gnal. the frequency of the signal wave usually 
beimr vary much lower than that of the carrier. — ixi. 5. 
rh C o^ infn "" icot ' OFia ' *" *° "Adulate a carrier wave, b. 
r fc7 to talk; visit Enjoyed modulating tvith you. 

B. Mu^ic to pass from one key to another: to modulate 
abruptly from A to B ftat &650-60; < L modTuIatus 
vptp- cf moduian to regulate (sounda), set to music, play 
°n instrument). See module, -ate') — modViMa^Ni-l-ty 
S^°J/^ 1« bij/i ig), ru _ rnQQyu4^TJve, mod>u-lB«to*ry 
i^T 3 ^ tar**, -t5r/e), odjL 
^^srn. 2. temper, control. 

l J*»*U>la>tIon Cmcj/ a la/ahsn, mod/ye-), n. 1- the act 
Lf,.!? 0 . bn £ 2 « the .tnte of being modulated. 3. 
S^^ 1300 . ftom k W to another* 4. Grom. 
con^JS? a partl ^ lar distribntion of stress or pitch in a 
construction, as the use of rising pitch on tienf in John is 
,.£. featurfl Of a Construction resulting from 
titta i^O-MOO; ME < L moduiatitin. (fl. oTmodu. 
'"7 ™ vthlI ucal measure. See modulate, -ion] 
a^J^*> r ^* ^t^r), ^ %. a person or thin* 
ih^.w ^ 2_ TelecommumeaizonA. a device for 
S?^^ □ carrier wave, [1490-15&0: < L modulaiarr 

U,e (moj'SOl), n. 1, a eeparahlfe component, fr*. 



having the first operator act on the clemezr 
secona element, and the second operator act < 
ond cTement is equal to the result of having a 
erntar, formed by adding or multiplying the ' 
tore, act on the first element, Cf- Hnt 1 (6V 
Computers. *. part of a program that pei f uim 
function. h> an interchangeable, plug-in hard 
[1555-65; < L modulus: aee uodutjus] 
CTlDtlwlD tmoj^s 160, odn. Math, with re 
modulus: 0_ls co/i^rucnt to J 2. modulo 5. [164 
N"L modulo. abL of L modulus modulus] 
mOd-^IUfi Cmoy*a loa), n_. pL -41 Ql). 1. Pfr 
efficient pextainintf to a physical property. 2 
that number by which the focarithms in one : 
multiplied to yield the logarithms in another, 
tity fry which two given quantities can be 
yield the eame remainders. Cm See absoti 
[155^€5; < JU n unit of measure: see mods', 
mod'ulus Qf dlastJe/ity. physio, any of 

efficients of elasticity pf a body, expressing th 
tween a stress or force per unit area that acts 
the body and the coiTOsponding fractional d> 
caused by the stress. Abo colled coefficient 
rry. elavtlc modulus. (1&0O-L0) 
mod/ulus Of rieW^Sty, Physic 8oesh«ai 
[1875-BO] 

mOd^uluS of tor^skHW Physio. Se**h*>ai 
mo*du$ Op^rarvdl (mo^daa op/e ran/dc 
md^d€Qs o'pe R Sir/ del pi itkmJI op-o-rarr* 

. - (t myde . 

[164! 



yb ran/dS, mVdl op/e rar/dl; fjat i 
dS). mode of operating or working, 
modua operand^ 
mo«dus Vr>ven>d! (mVdee vi ven/dc, -dp. 
vKvan-dl (mO>dB vi veo'dc, mydi vi ven/di, 
ner of fiving; way of fife; lifestyle. 2. a tam 
rangrment between persona or jpartiea pendir 
mcnt of rnattera in debate. [1676-80 < L moc 
mode of living] 

Moo (mo), n. a mala given name, form of 
Moses* 

Moo-bi-tJS (mcK/bS es. mB/^» m6^-), n, AU4 

nand. See ModIus; August Fanftnarkd. 
Moerao (mS're), rwpL CTeas. Myth, the Pat 
Moe<«ha Cme^ahS e), tl. an ancient countrj 

rope, S of the Danube and N of undent Thrace 

cdonia: later 0 Bcmoo province. 
MaO-CO-gOth <m£/s5 golh', -ad.), n. one of 

tianixed Goths who settled in Moesia in the 4 

A.O, 

Moe-gv*Kotfl-Ic (me^so goth/ik. -sa-X odj- 
taining to the Moesogoths or their language 
ootb + -ic] 

mo*tfotte (mo fet^; Fr. mfl fct/), n. Lanoi 
nation, consisting chiefly of carbon dioxide 
from the earth in regions of nearly extinct v> 
tjvity. 2- one of the openings or fissures from 
emanation issues. Also, mx>ffatte / '. [1B15^25 
moffetto (NcapoHtnn mu/cfo), equiv. to muff 
It mc-fb) mould ( < Langobardic cf. G Muff 1 
MHG mOffdn to give off a fbul ameQ) + -eff 

mo^ 1 (mog), o., moBsed, rnos^ns^ Dial - 
move on, depart, or decamp (usually fot by 
2. to walk or move along gently, slowly, an 
-*-v-t- 3. to to go from one place t> 

(1665-75; M(0VK) + (J^O 1 ) 

mog 3 (mag), n. moggy, [by ehortenmg] 
Mo-i^a-dl-shu (rto^gn de^shSo), ru a seapi 

the capital of Somalia, in the S part- 400,000. Ji 

ga-dT-wlv (nuVga dc^shd)- 
MOK-a-dor (mo^ ofby. -doV; Fr, ipo gA di 

former name of fct**ao4jkra_ 2. (Lc) Also, mo. 

a riblwd fabric of silk or rayon warp and cottt 

filling, u*cd fur necktie*. 

Mo*jgen Da>vid (morgoii dnrvid; $cp^- He* 
da v«d'; Ash*, tfeb, morgan do^vid), Judc 
star or QtavfdL [isoo-os] 

mOg'gy (mog/cX fl, pf. *daa. Brit. Ih/brm 
AUo, mof. f 1615-25; said to be orig. Cockney 
derivations from dlaL (W Midlands) Moggy pe 
a calf, or from personal name Macviv, are di 

Mo^shul (moVgal, -gul» mO guK)» ru, adj. M 
1. 2. 6). 

Mo^fil das Cru-zo$ (md6 zhV das krfv'z 
in 5E Brazil, B of 5fio Panlo. 111,554. 

mo&l'IdHha (moy? Ia7 is ^ r 1 *^^^ ^ j 



feet, ns stuttering or sti 
SO: < Ok mngi?dl(os) hardly t 



-w. . vr- ^,n... e (mOgi(5) 

culty + loZos babbling) -f- -ia -ia] 
Mo-^l-lev (mo^gi le^; Auss. me gyi ly6f^, n 
£ Byelorussia (Belarus), on the Dnieper. 359/ 
ItlO-AO ' (nuVgo), n.. pL -sos. A^tT-oEioru 
hatchet used by the Aborigines. [1815-25; 

mti-gu] 

Mo*80r*lon (mo^ge vOd/), n. 1. an extensr 
or mesa in central Arizona; the aouthweftern 
the Colorado Flatcnu. 2. a mountain range 
Mexico. — adj. 3. Arctoeol. of or pcrtamrogtc 
IDdiaa Culture Of Southeastern Arizona and sor 
New Mexico 100 e.o_-u^_n. lOOO, characterxi 
houses alao used far burials and a distinctive 
white pottery decorated with human and anhx 
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? prospectus carefully. 2- a brochure gr other tion and fl* 
lescribioff the major features! attractions, or 
■ place, institution, or business to prospective 
mw, owners, or members. [I77CMK); < L pro- 
ook view, equiv. to pr&pcc-, 3. of prdsoiccrc 
+ -spice re, comb, form of specers to look) + 
3f v. actios] 

pros/par), ir.L 1. to be successful or ibrtn- 
. financial respecter thrive; flourish- — o.L 2. 
make successful or fortunate. [1425-7*:; late 
en < L prwperare to make happy, deiiY. of 

iOSPEROUS] 

See suce o wd. — Ant. 1. fail, 
ty (pro sper'i IE), n., pi. -tint. I, a sutrcess- 
ing. or thriving condition, e*p, in fins in rial 
xl fortune. 2. prosperities, prosperous cir- 
[1175-1225; ME profperite < OF < L pw- 

) paOfiPfiJtOUB, -mr] 



FpM&L_ 

- of prosthetic devices, esp. artificial limbs- 

[1890-95; nOFTHcna. -IC5] 

pra£-the*ti3 c (pros' thi tist), n. a person skilled in 
making or fitting prosthetic device*. [1900-05; pros- 
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'rtt-tn^o-niSm. n. 

Pro-tag*<: (pro tag'or w), n_ c43CM^l ea. 

Creek 3<?k - philosopher. — Pro-tse-e-m-an fcrtf- 
tag'e re^ra), o4j_ — Pro-tSB'CHrft/Ari-lwn, ru 
TKuibcB) + -ist]" r " Protamine (pro/to men', pro tam'io), n. Biocfufm, 

~ the sperm of fish. [1870-73; prot- + amin*) 

prot*a»nom*a«ly (prOt'n oro/a is), n. Ckhthoim. a de- 
fect af vision chArncteriied by a diniinisried response 0 f 
the retina to red. [ 1935-40; prist- + anomaly] — -prov- 
a-nQm'a-lou*, adj. 



ward projecting point of the anterior surface of the 
upper jaw, in the inidsagittal plane. T1920-2G: < Ck 
prdsthtdn. neut.. of Droitthios frontal, akin to Drvstken. 
forward] — pro*/th7-o rvN c r ad/. 

pros*tho-<fon*tiC5 (pra^trjg don'tiks), n, (used urtth. a 
singular v .) the branch of dentistry that deal; with the 



(proVps roOi ^ (in Shakespeare's The 
» exiled Duke of Milan, who is n mnginaiL 
ll£ (pros/par a?), adj. 1> having or charac- 
nnnHnl success or good fbrtunfc; flourishing; 
a pi <*p*T0u8 business. 2, well-to-do or 

noaperouo family. 3, favorable or propitioug- 
te ME < L pro&peru&] — pro^ per-ous >ly. 
/por-otis-tias*, ru 

thriving. 2* wealthy, rich- 3. fortunate, 
iloua. 

1 

K 



prr>t3-r>o-pi-a (prWn o'pS e), n_ efchtrtaim. a defect 
af vision m which the retina fails to respond to red or 
green [1900-05; < NL; Bee fftOT-. AN-\ -opia] — 0ro- 
ta-nop^»e (proton op'ik), otfj. 

prot-a-Sifi (prot^a ?is) ( -s*s (-aSiO. 1- the dausv 

exprea&inff the condition in & conditional sentence, in 
Cngllsli UfiunJly beginning with if. C£ ApofSo^, 2. the 
first part of ai> ancient drama, in which the dioraccerfi' 
are xntroduced and the subject ia propojwd, Cf. catavta- 
bIsj eata*trof,r» (dcf. 4). epitasfc. 3. (in Aristotelian 
logic) a propofflUOb, em. one used «s a premise in a Syllo- 
gism. [1 610-20; < LL: introduction in a drama < Gk 
protoau proportion, lit., a stretching forward, cquiv, to 
pro- pro- 7 + taxi* a atretcbing (fa-, v * " " * " 



{Gk. pRoe'fd E5; Eng. proof £6 r5/ T -f?r e), 
antiaoroa- [1A70-75; < Gk pro*phai-& an 



a brin^inx to, apj 



cqujv. tO fcrroo- to- 



in (0*. pitoVfd Hon; % proaTo roo/^ 
iistem Ch. an UQCUt loaf of altar bread be- 
ftecrated. [ < Gk prfophtrron, n_ use of neut. 
a use Ail, (litin^ deny, of proaphvrd pros- 

i), u.L Scoi. and K r orth Eng. to exhibit pride 
9a; put on aira. (perH. Soots var^ in v. use, 
—pros^ex, a, — pross^y, adj. 

i), n. 5Zan,j!. proatihztc. [by ahorteninff and 

ros/ar), a. CWbrtel, 17757-1800. U.S. leader 
*ul alave revolt. 
I. intcrj. prosit, (by confer.] 
;lin (pro^te ai'klin). n, Biocftem> a proa- 
cHjjO., that specifically inhibits the formn- 
clota flS75-B0; pedsta(te) -f- cycUic) + 

nodel ofFROSTAOtiAMnrK] 
I'dfn (proVfc? elan'dhi), n. X, Koc/^em. 
o of unsaturated fatty acida that are In* 
• con traction of smooth muscle, the control 
ion and body tempera hare, and many other 
functiona. 2_ Pharrn. any commeitial 
jf^this substance. [1935-10; i-u.q^ta(te) 4- 

^*taa), h.. pi pm-vta-dM (pro st&'d&t). 
il architecture) on antechamber or veati- 
a claaaical temple) the area included be- 
idea. [ < Gk proefak liL t that which stands 

J>r0 ati^aiq), n„ pi -ses (-9&z). (in a dnati- 
pronaoe or prostas before a cella. [ < Gk 
vbo-% stasis) 

roa/tttt), Anat — arfj. 1. Also, pre-wt-te 
if or pertaiiiine: to the prostate eiand. — n. 
it* sfcnd. [1640-50; < NL prostate < Gk 
Standine before. See P&0-\ -ATat] 
t<W»iy (proa/to tek'te m5) r ru, pL -mlaa. 
m of pan or all of the prostate gland. 

rTATE + -ECTOMY) 

and/, Avuxt an or pan that AdjTounds the 
tes at the baae of the bladder, conrpTiamg a 
iorx which controls the release of urine, 
ir portion, which accretes an alkaline fluid 
:p . ff* 71 ^f the semen and enhanccg line 
srtilny of openn. [1B3CM01 

'tfide. Anal, a small pOUCh near fhe 

that opens into the urethra. [1&20-25] 
(proa'uj tiz/emX n. symptoms of pros- 
aap. obstructed urination, arising from he- 
lent or chronic disease of the proobttc 

1900; PreOTTATE + -ism] 

(nroVta tf'tia), n. PathoL inflarnmab'on 
: gland, [prostata + -rria] 

■ (pro stOr'tram), ru,pL -na (-ne)> -nunti. 
=nce of the pro thorn* of an insect [1820- 
PttO- , STitaMUMl — prc-ytor'nal. adj. 



leetoratign and mainienancc of oral function by the re- 
placement of miasing teeth and other oral structures by 
artificial devi«s. Also, pros>thoxdon-tJa (pros'tha don'- 
aha, -aha a). [19*5-50; pbosth(esi$) + -odont + -ics] 
prD$»tho*don-ti$t (pro^tho don'tist). n. « specialiat 
in prosthodonticn. (1916-20; PROOmonoHTfic?) -f -ibt] 

prOS'tfe tproVte), h. 52onf. a proab'tute. [pros- 
t<rurrEj + -u] 1 

Prr>5tlg*min (pro stig'min), fTvor^, rKrdemarfc. a 
brand of neoau^mine- 

pra$*thtut0 (pros'ti t53t/ r -tyOTtO* re, u, -tut-ed, -tut* 
' n fiU a. 1« a -woman who engn£ics in sexual intercourse 
for money; whore; hnriot- 2. a man who engages in sex- 
ual acta for money. 3. a person who wilb'ng& uses bis or 
her talent or ability in a base and unworthy way. UMinUy 
for money. — v.l 4w to sell or offer (oneself) as a proati- 
tule. 5. to put to any base or unworthy use: rp prostitute 
ones talents (lS 20-30; < L pt-SxtitiLta, n. use of fern, of 
pr&Uitntu*, ntp. ofprastituere to Bfcpg»c (for aale), cquiv. 
to pro- pro- 1 -r -*titu~. comb, form of wtr. a. of scatuere 
to cause to stand + -tus ptp. Buffuc; see sTA-rual 
—pros'n'-tu^tor. n, 

— Syru 1. call eir)» streetwalker* courtesan: trollop, 
strumpet, 

prO$*tl-tU*tlOn fpros/ti tSS/shga. -tyGZ'-), ru 1 4 ihe 
act or practice of engaging in scxaal intercourse for 
money. 2. base or unworthy use, as of talent or ability 
[1546-65; < LL prostitution- (s. of prnsHtQttii)* See Mto«-" 
tttvte; -ion] 

pro-5to^nl-ate (pre atevros *dj- having a pro- 
acomium, (1585-90; PltoSTOafl(Uf) + -xrx 1 ] 

prostoTfif-um (pr3 eto^me 91a). a., pi -mi- a »). 
the unsegmeneed, pre oral portioa of the head of certain 
lower invertebrates. [1865-70: < Nl# < Gk prwtdmian 
mouth. See pro-', aroacA, -iuxj — pro-vtormKal. adj. 

pro-stD*Qn (pr6 stolon), n,, pL -ato-a (-eWo). (in claa- 
aical architcctui'fl) a portico. [< Gk prvstoorw see pbo-», 
stoa] 

prostrate (profi^trit), D „ -trat.od. -trat-ln£. otfj, 
— ut 1. bo cast (oneself) face down on the ground in hu- 
mifity, sTabmisaSon, or adoration. 2- to lay Hat, as on the 
m-ound. a. to throw down level with the ground. A. to 
overthrow, overcome, or reduce to hclpleasneaa 5. to 
reduce to physical weakness or exhaustion, —adj. S. 
lying flat or at full length, aa on the ground. 7. Tying- 
lace down on the ground, aa in token of humility, aub- 
mianioa, or adoration- overthrown, overcome, or 
helpless a country left prostrate by natural dieaxten, 9, 
physically weak or exhausted. 10. ftuhrriissive. 11. ut- 
terly dejected or depressed; disconsolate. 12. BoL (at a 
Plant or stem) lyin^ flat on the ground. [1350-1400: 
(adj J ME prasiraf < L prteti-Mux, ptp. of pradcm«n to 
throw prone, equiv. to nrd- pro- 1 +- stra- t var. a. D f ?c»r- 
aene to stretch out + -tins ptp. suffix; (v.) ME profilruten, 
dcriv, of the adj.] — proc«tra*tlvq torWtr? aa »: ' 
— pros/trs-tor. n. 

— Syn. 6. prone, supine, recumbent. * ^ »«u W 

prPS*tra-tion (pro atra/shw), ju 1. the act of proa- from h ™ 1 * d ^? v t or tkebtc^ for the person, pertonX^or 
trating. 2* the state of being prostrated. 3. ejetreme P^Pf^ v sge<^:ed m it 8. Archutt a document piven 



- t . . -~ , verbid a. of c?£nein 

to stretch -t- -*w -sis)] 

pro-te-dn fprfi/te "p* ta/-), od> l readily m 
lng differ pnt fbrma or churacbersi extretnely variable. Z. 
changeable in shape or fbrm, as an amoeba. 3. (of an 
actor or actress) versatile; able to play many kinds of 
rotes. 4. (con.) of, pertaining to, or suggestive of Pro- 
teua. [1590-1^0; PBS^mjT^it} ^r^^l^i 
pro*te*ase CprO/ta aa/, -ftzO, h. Biochem. any of a 
groupof enzymes that catalyze the hydxolytic demda- 
tJon of Promina or polypeptides to ataaHcr »r»)>.» acid 
polymers. [1900-05; proStSin) + -ask] 

pro-tect (pra tekf), v.t. 1_ to defend or guard from 
a " a 1 t fr-» DV « aion » loss, annoyance, insult, etc,; cover or 
shield from iojury or danger. 2* ceo a. to guard (the in- 
dustry or an industry of u nation) from foreign compete 
toon by impoaldg import duties. 3- to provide funds for 
the payment of (a draft, note, efccO. — o.i. A. to provide, 
or be capable of providing protection: 0 floor wax thai 
protects tut coed as Shines: [1520-30; < L prutcctu?, ptp. 
orprdtegert to cover in front, equiv. to pro- pro- 1 + tee-, 
& Of tcgwe to COVer (nkiD to T045.A, thatch) -+- -rua ptc*. 
2? fri ^u,r^ rp " tectr, * h,<l - Pro-tect/s^blo. nnj. —pri- 
tacvT-blkbty. pru<ect/a^>i|/p>t)>. n. 
— , s y"- 1- sen-isn, shelter. $00 dof end. Ant. 1. at- 
tack. 

pro-tect*ant (pr» tek'tantj, ru a substance, as a 
cDemicaJ «pray^ that proifldfta protection, as against in- 
wKts, frost, rust, etc 4 protective agent. [1660-70, ibr an 
earner sense; rncrzer 4- -aptt) 

pro-teC'tee fero/tek VS,pr* tek-). n. a person, 9S a 
™SL v**? 1 *' for Jfhom official protection is provided- 

L lOJO— lbOo; PROTECT + 

pro-tefn.inK^ratek'Ung), odj, providing protection 
or flhelter- [1620-30; protect + -iwa'J ^prWtoct^lfu^ 
ly. odu. — pro-t«ct^lnc-nau r n. 

protoc-tion (pro Uk'BTwn). n. 1, the art orprotectW 
or the state of being protected; preservation from injury 
or norm. 2. a thing , person, or group that protects: This 
uacccnc is a protection against dwitase, 3. patronage. 4* 
Insurance coverage (dcf 1). 3. In formal a. money paid 
to racketeers for a guarantee against threatened vio- 
lence, b. bribe money paid to the police, poUtfdons, or 
other authorities for overlooking criminal activity. 6 
fieon, protectiouiam. 7. a document that assures safety 



mental or emotional depreaaion or dejection: mrvaus 
proatratiofu 4. extreme physical weakness or exhaus- 
tion: h&ji pro&tmtLon. [1520-30; < IX pr&tratiSn- (a, of 
prC&tratiS) a lying prone. See 'pROBTBA/rj:, -ton] 
pro-Stylo (prvatfl), Archil —adj. I. (of n clasfllcal 
temple) having a portico on the front with the columns 
ni front or the antae. — n, 2. a prostyle building or por- 
tico [1690-1700: (adj.) < L proifyii < Gk prosryloa 
with pillars in front, equiv. to pro- p*o- a -riyio* 
-srryLE*; (hj < Ckproafyton, n. use of neut ofprosfylos) 
pro^y Cpro^^)> c4}^ pressor. proa*«*«»t. 1. of the 
nature or or resembling prose. 2. prosaic; dull, tedious. 
Wearisome, or commonplace. [1305-15; prose -r -y 1 ] 
— pros/My, adix. — proVHfess, n_ 
prt>-syh|r>«etsm (pro sika jb/am), ru Logic 
gism the conclusion of which is uaed as a premise v * 
other syllogism; any of the oynogiams included in a poly 
syllogism except the last. Cf. ap\*y\)v&&tn. [1575-85; < 
M L prozyUagiamu* < Gk pronytU^UmSa. See PRO- 1 " 
LOClSbd] 



by the TJ& cufitoms autlioribieo to a sailor traveling- 
f^^l^S^^BP fchak khc holder z% a citisen of the U^. 
[1275-lMS; ME DrOfenao(u)rt < IX prStSttiSn- (a of 
proifettJ) a covering in front- Sea protuct, -ion] ^pro- 
tec^twn*al, adj. 

— Syn 1. security, refbte, isafory. 2. guard, defense, 
shleH bulwark. See cover. 3. M gia, oponsorshlp. 7. 
pass, permit- 

1!^£ OC * tiorH ^! n tere zuVam), n. 1. Ebon, 

the theory, practice, or ayatam of fiataring or develop Jag; 
domestic industries by protecting them from fbreiffn 
competition through dubes or quoLas imposed on impor- 
tations. 2. any program, policy, or ay^tcm of lawn that 
seeks m provide protection for property owners, wildlife. 




button Qmi'o). See th« full key iiuridt, the front <x>wr . 



•J- 

.adj. 

Ian. aa% n. 

ij- 



pro/-0-rf erVtal. odj.. n. 
pro-o r' th o-dox^, (tdj. 
pro-or^tho-dox/y, adj. 

|W9-pacyi-f»rtt f n. 

pro.pnc^l-rlst. a., adj. 



PfO-r , an/a-ma', adj. 
PrC»'~R?n^rrtS>'nj-afv adj.. n. 

pro-pa^prst. n., adj. 
pro-Paraguay', adj. 
prQ/-Par*a^uaiyAan, adj^ ru 



pps/pa-trl-ori^ oHJ. 
pro-paarhoMsm, n_ 
pro-p^/tron-ae*. adj. 
pro-paWmcrrt oajL 
pro/-Pa-rU/vi>ari. OoV, 



pro-Phayfp-plne/, adj. 
pro-Poflah. odj. 
prcspol/i-tlcs. anV. 
prV-Por^U^uesie/, a^/_ n-. 
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U* 0 ^ j-tec/tton-^tlC. adj. 



^LctJo. 1. tompor^rUy; for the time bciug. 2. t-n- 

por»r}. ♦ x. to stretch 

pro-tond (pro £uZ?-3*. » for- 



the anvtrouronot* d& 

lug to protect- 3. ^^^P^Stf a defensive (def. 

roicoousnesfr, (1890-95) 

police solely as P roU! #S^[n 
priaalby wmeonc [19S5-40] 



to a 



^OtU/tive slops'. « 

IS, to drain surftcc water away ^" b T°"* 
protec/trvo system. ««. p««eetioo*m (*et D- 

pmteeta; deflator;, ew^an. ?• £* 'J^— ■» £inor- 

w*les*, adj. — pro-lector-****', n. . . . 

Protcc- 

v-=r and Richard C^nrw^i h* m ™ of the r«- 

tion fa*- the care of destortute or 
fl66O-60; rBOTBCT -r -oar 1 ] 

i«aor*cr<©)* + -sss) 

under Ihe pntronnOT. pfolc^oo, arm™ « < 

prtf^r PBOTtoi] Bioelwm. any of nu. 

prp'tein (pr^ tan. -W wO. n- 1" ^mfltikling a 

l»n*. P»^» <f oEShotoynU-- 

sprv in the d«t ^ ®^™*Tis5f«i or more amino aada 

linked in * rtenehcally ^^PgLfSSa ahapc and 

aicte t&infl of the ^"^^^dfo^a a» com- 
ments: proteins mdade =»vi«i B P^?**g transport, ^ 

mfiUbolifliD- 2.. *^ ta l5Jl?SSw MPplyinB esscn- 
xnolecules, ^^d^^^af^^fiSh^cj 
l al ^ ^Se^ut^trtgiwu, c^po^t ofaU 

protein «oaV. MicrobioL « P =id. 
protein syn'thesJ^ ^ p p S, b » 

^ger RNA. and vnriow eQl y~e»- « b) ^ 
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«?^ B ^ srSSsSpf 



god. sen of Oceflnw» ana 
asgumd different forma a 
thing thnt readily change 
pica, etc 3- (LeO BocUr 
Rcrobic b&cfcaria of the g 

tracto of tmmanfl. 
Dro*tha*ta*mH>n (pn 
^(-^ ^ j 
marrim- r&o- 
nuind SpeuxeTj 
pro-tha-la-ml'M"! (pi 

(_ TO B 9>- prpthfllanidon- 

pr*>thaHl'Um (pro 

thnllton. dun- ofAflJW- 
ttiBVH^al r P^o-t'SS?^ 

pro-thal*hl« (Prt^f 1 
P pVShalUum- 

proth-e^ls (P»tK/e« 

1_ the pddirion of a sou 
p ward, as in SpaalBb 
2. Eastern CK AJ»o 
uou and P^^j^y 
meats, the tabjc cn 
the Bsnetunry or benm 



dissaiit, often IP oppoal&o * w> »^ against \n- 

p^erle^ to . P^Vl Ta' ^2Tr^f^ certify 
SrMsed i«eo±io|V JtJ^tTc IvS^not^oThUlofcw- 
cat« ntte«tine the fret that a c ng^ payment 

and that 1* b ^ n v^^^i Uni nfexehattge or note. 3. 
the HabiUV for a A^SSSSlffr a tS « Sher etato or 
a. (upon ^^KuK tie legality 
city exaction) a ^jS^dXS docJarati« 

complaint made to - to objection or di*- 

-U.L 5. W gave ^^Jf^^e Solemn or oaro«t 
approve rerponfltx*^- a pTotrat or remonstrance 

nffaiDflt; object to- ^™JrL>™Jat\r affirm; assert. W 
**> d*^-^,^^ 1 oi^^e^tnncc - 



£%ite. Ll6«5-7e; < 
ibre- See PRO-*,Til«a» 
Lpro-tnet^caHy. *t 
prtvtbon^tar-y (p 
». pi. .tar4os. 1- B 
wurwoflaw. Ro 
noembers of th" 
charged chiefly with 
t^iwnixatioBks. Ifc ^p* 
prelates- 3. Ok. Orth 
biarch qT Ooostantlni 
late ME < 
pr6tonoJ6rios. 5« 1 J* 
a| (pro thod/9 tafft • 

prgthon'otary p 

Wollc, aroonbexe 
flomair Cuna. 
prothon'otary 

tarvo citreo. of the co 
hevd and Mpderpart 
[1760-90^ Amer.; 00 
blea tbo robes tradit 

prothorac^lc fflai 

gWwtfa in the anteJK 



Obo- to 
declare 



Cat^M^^^^^^^p^tcA from the 
any of those Cbr>^ b«ges ^ of^any 



10 of 

b*l<msfae ^.?^^ r ^l4SjdTG or P. for L prOtp- 
t^pCtfSr&lSSft* — pub* ^ 
Pr^^'Ep^cop.l Chores s^^^> 
Cnuro* 1 hi ^ AtMe Also railed 

P^^stant Reformation ^r^ticn Wrf 3- 
protes ta tion >ro^^K^ ^f^tfjl 
tri act of protesting _or aff«r«m»S- *^Jr.™Maori or 



to promotB the sen 
pro-thorax fero t 

^ho-ra-c«fl (-thar/s 
of the thorax of an 

Jpp&v thd raV»W. -th 

pro"throm»bSn (p 

protein involved in 
by factor* in the p. 
galled ttirntfnbocar 
pro*tist (pj^ti-i). 
janis» classified m ' 
&ee-Bvixig or aggi 
hAve diverse repro 
ln E the protososni 
some clasaf^S 1 * 
the more priniitav* 
distribute the orgi 
and Animnlia 6-C 

V; Ck prtJwio* 0 
pretoe first; see n 

Prr>tl5-ta (pro t 
a tp-rAnotnic p dnp 
< NU see F^trrrt 

P Protista. (1010-J 
to*loc4-cal {pro 
(1st. n. 

pro-tVum (prS / 
and most comix 
[1930-35: P*OT- 
proto^* a cDfttbi 
"earliest form 01 
words iprvtomof 
in chemical teror 
COinpounds, or t 
of an clement* t 
cofnb- form ropi 
see PRO*-) 
pro»to*oc-thi4 
protactinium. 
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The Biological Role ofTrpiifcirted 
Insulin-like Grp\rth Kactor-1 
and tj^e Trip^tide:GiE 
in the CenfeJlNlfy^^^^ 

VICKI R. SARA. G CARl^SOl^Sp^f^v ^ 
X. DRAKHNBERG, M. B- GIACOBIN^ "fe T^B^^SON/ 
M. MIRMiRAN/ A. NOJ^BERj3£j; ^SpW £ / 

AND A. C SANpBCRG NGRfio^S^^ : ^ ^' 
KawBrvthi Institute's pepaiimrnt of^othcd^ 

" 517 WOT JtorB^ j|%§r & [> 

; ^ > 3 • f . " - v-r- c • ^* 

Uruvcrnly oflfppSalp 7^ 

'Nethertands htmtuUjbr Brain Research' 

'Drpanmcni of NnavcnJminukj^ 

VnhvatlyvfZunth*- ^ ' 

Zurich, SwiiscHund „. 



Sinc * c v)y in ihi* enrtprj. Attempts have b^gr^ade M^^5u^ta^ T 
present in tcnifn^nd organ extracts that arc capable ^romoffl^iSc growth of Che 
nervous sy&tenL Today several such gr^wth-prof^ti'^ 

identified, such as nerve pmnb factor (NGF). fjbrob}«t growth factor fFGF) 
epidermal growth factor (EGF), plmcfct-derivtrd ziwKfeatf fPDGF). and ii)5iifi£ 

wdbstfiotoV produce* witbi the *vdop^ BT^fp^feic gii&b " 
phase; and ihac tbey 10 icxaci to reflate ibt growth.^ de^i^gfioTihc renSl ^ 
oervous <y**m (CNS). A rofc for the rGEs m the r£gula*k*s^^ ^jfe ] ? : 

bran grbwth ^b>cbwai b^bevctj ip be mediated b^epro^c^fe braiawSh* « 
factor from either ihc placenta ot the feiu.0* 2 ri ^~'-^\:f'^ t - 

"1 < 7*5* a M*? ^ wjrportci by the Swedish "^ijfej" MM^SKdSW^ 

lid *-^ fc "- ?= T*-^ ^ V:.* 1 ^ * V 
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™D$&AT^ JCF J AND CPE 

ro^Ai^ 5 ^u2^^? ,,,p ^v" 35 sbown to «* idCB tol to ** of 




COhmmtm. ' biaig^wa,,, plaldeb,. porcine -«e™s. and haviat 

"™™^,SLIfflL.?Rnc «ie purified pepiitfe dismayed mail* enhanr^ 

yet ft fa micf^r ^rTwhe^ i£%RM toSlBfiiSF i^^T P ^ * 
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SARA cf rt: TRUNCATED IGK-I MS 

The presence of IGF-1 in the nervous system appear* to be tt phyto^clicatfy . 
ancient phenomenon. Using irnniunologkal mctbodsp IGF- J has been Jocafettfrfo 
the ncrvouJt system as. wcU as the gut or Jowcr veneb rales, inehiding bony and 
caniiaginou* fish and eycloslomi* as well as prorochordaies. For example, iGF-J 
imrnunoreactive perikarya and fibers have been observed ip all levels or the brain of 
the Atlantic hagfish, Mytine. tfurinosa* IGF-l-like immunorcactivity has also been 
localized in central neurones of the urochord-.ite Ciena inttstyxaUs and the. ccph^lo- 
chordble^riinf^^/apna/(xnreo^fiim. 9 Thtis I he presence of IGF-lin the ^lpifirg&t 
sail*' has been well preserved during vertebrate evolution. . The iden jj^t^tS^^, 



IGF- 1 -J ike molnenle in ihe brain-gul axis of ihc lower vertebra rci arid vrtyb&im. 
dales remains to he determined. The nucleotide sequence of an IGF tb.NA j 
from Myxmt ghitinnsa showed 70% homology to Ihc A ono* B dorn&jps of So 
IGF-1 aad 1GF-2, 1 * Hod a hybrid Insulin/IGF cDNA rclaicjl to hurr^, 
and ICFs ha* been doncd from Branchhstoma califc^jy^^^.^^H. ff^C 
proposed that the latter hybrid molecule represents ifjtt trai^'l^ai^^^^r^ 
insulin and IGF divergence aian mly stage of >crtcbrntc evolution, 1 J 
that the deduced amino acid sequence of the hybrid insulin/IGF rnolecvic/cw^^^. 
different anunotcnninal djpeptide compared to mammalian IGF-1* Aplas^raB^p j 
hrane receptor similar to that of mammalian IGF-1 receptor has aho bc^^eni^ejdi ' 
in the nervous system of lower vertebrales, including Myxint gfutmasa. 12 '■ ' v ' * ; 4 ' 
The truncated IGF-1 has been identified id several tissues (FIGURE 1). O^as- 
awara ti at identified truncated IGF- 1 in porcine uterus where the peptide^ ac- 
counted for the complete milogcnic activity or ulermc extracts. 1 , 3 yryncalod lGF'l. 
has also been isolated from "human platelets, 1 " 1 Lysaies of hiiinali" pilfers, .c^ 
u>tacl *s well as truncated IGF- J and 1GF-2. TGF-3 was released from ihe platelets 
during degranulalion, suggest ing a role In wound healing. 13 Francis ct qL bfyc^ 
identified truncated IGF-1 in bovine colostruro where intact IGF-t wasaJd^ionaJltf^^ 
found lo be present. 16 Id 3)1 studies during its purification, truncated IGF-1 pispla^cof^'" 
chanced biological activity. Wjih the availability of synthetic and recombinant, 
truncated IGF-1, Uie reason for ibis enhanced biological potency beca me apparent. 
Truncated IGF-1 hinds only weakly to the IGF binding protein* (Igrats) t 
AJ though truncated IGF-1 show* serve binding to IGFBF-3, a marked ixquctjpjj jd^_" 
binding a/Tmtry to IGFftP- 1, -2, -6 has been found in comparison to intact IGF-1 (tess 
than 1 %). Analogues of IGF-1 with substitutions fn the aminotcrminos pcntapcpJide^ 
have identified Glu in residue 3 as playing a aignifleanL rote in IGFHP binding. Jjva^ r 
wide variety of cultured cells, ii has been demonstrated that the enhanced ^wlogfcaK^ • 
activity of the truncated IGF-1 bmost likely due to its failure to be bound bylGr^F*:'. 
which Can compete with the IGF-1 receptor and attenuate the biotopenf a^Jyitf of ' 
IGF-1, Thus ihc failure to bind to IGFBPs Tcsulb is a greater availability of- 
rruncated IGF-1 in die target cell receptors (FIGURE 2). ^- 

BIOLOGICAL ACTION IN CNS 

Truncated TGF-1 (-3N;IGF-1) and the tripeptide GPE display scparatcj>ipicgi^| 
cat function* in the nervous system which arc media led via di^inct'rccepi^riMiheir^;^ 
target cells. Truncated IGF^l has a potent neurotrophic action via intcraciicm In rbe,^ .\ 
IGF-1 receptor in the CNS. The IGF-1 receptor w widely distribotcd throu jhoujt.fi^ij.j 
CNS, 21 and its expression is enhanced during the rapid growth phase of early life. ^^4' 
IGF-l's neurotrophic action predominates during early development, when the ICFs- ~ - : 
regulate the growth and djffercDtbtion of the nervous system. Jn vitm zmdit^ have 
demonstrated that IGF-1 sttmuFutt* the proliferaiion of neuroblast and gfiobtet 
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from the blood? 2 am* is also degraded faster xhan.iniact JGF-L 3 * Consequently, 4h* 
acute hypoglycemic effect of truncated 1CFO is greater than ih?l of intact' KJ&J * 
Increased degradation due to low association with JGFBPs most likely cxplafa tht 
Failure lo observe any significant enhance men I in growth fbjJowiot the subeiitimWii 
administration of truncated JCF-] lo neonatal rats m spitf of cn^tetfe^ljSM 
Observed following intact fGF-1 administration. In conUasTii) the f^W^-o^wfea 
rate, efihanccd growth has been observed m growtij-hormonc^c/tpSt fit/Hi rWife 
foUowjng truncated TGF-j adDilnlstraiW' 3 Tiui«i^7gp3 h^MI^^K* 
reported lo be more potent than intact JGF-l in regulating m'lmken c^Jatiojf^ 
nrusdc protein meubollsm in nrlrogea-rttjuicred faxs* ~ " " " ~ rrr ' -^l^g 
TTie ammnteraiiriRl iripeptUlc of iOF-1, Gfis; d&pioya a dferpm ™^ T i 
bjological actions compared lo truncated IGF-J *TTiese effects m^nSii^lw 
IGF receptors. As shown in Fjcukp.3. GPE f^j to cnisi^tt u i tieTG£ TrccItM! 
and does not influence the M»dbg of ^ 

receptor. The irfdcpddc similarly fails to crosireWm & IGFlSiwTor^^ 
*?% ni>i TGFBPt w>r ii mfhience Ite association of mWK^S 

binding proteins, tensive in ww studies have Apt revealed anv growtJKproSotS' 
activity or GPE. Hie results of qjic such study arc Summarised in £gusik 4 J&^ag, 
WMfolTowcd m « «*<^ 

15 ofposinata] hfc- As shown m Fkgitap 4. M>signiJkanc growth effect^ iadudjitg Ia U : 
tengh and organ vci^ts, were observed. However si maturity, the animals refine 
dunn » Prweanins period displayed a signifies maewhriikw& 
measurements in an open field test. It has since been dcmonsaratttfuHat ^frdfikr 
nenrojno^latory role m Ihr CN$» which may account for the changes rn a'criW 
observed tit the CPE-treated rate. ' " 7; 

The structure of GPE suggested that it may interact in rcctpton for gfufarbetoi 
which iv a major witatory amino acid DearairansmiUer in the Cfcl Ifa&'raF? 
Synaptic membranes, n was shown thai GPE cross-reacted in the ^nietp-y^P 
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FIGURE 5 r Conical rtwronc efcorbp!n*iolDpc^ artMfy fei^lag iriJcw^^* 5 "^ if? 
cmIm nf CPE. The cfluci of GPE on sponTi neons a* well a» gjuiimwe. drives sm^cccfocijvj 
determined ax xpifces/vecoad k .vhown. " vr't~. 

- \ 

the gTuLiimaic-drivcn neurone. Similarly, Jn the spinal cord, of E has noyflirci 
influence on motor neurone activity when applied intrathecal*/: honp^-{GE 
potentiates the facilitated spinal cord reflex in response to other stfnmlL ^-^ifcS 



CONCLUSION . 

Thui there are at least two protein product* from egression of ibVlGF-1 j 
IhVTCNS. These proteins result from pwttnwslatibnoj iribdilicaiioD of thc^F- 
preansor protein. Truncated IGF^l (-3N:rGM) acts ax a potent ne^ircphJ 
factor amfihw action is mcdUicd via the IGF-1 jnecepiur. The tripcpi5t<3l*l 
appears to have a quite different CSS fraction, namely, tbcjiVodiJap^^neiiTo^ffii 
miller release. This potentiating action is mediated at feasllTn pari ^ainttra&Ui a 
the NMDA receptor. This i* the first example of a product from a growth 
being involved in ncvTolransrnissxn) hi the CN$* A sim^rry rawf 
neurotransmitter acetylcholine has been suggested in tteregutat^rj nfbr; 
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INTRODUCTION 

The insulTn-Hke growth factors QGF$) consist of IGF-1 and IGF-2, as well as 
variants arising from either alternative RNA processing or post-translaiional 
modification of the igf precursor. In the extracellular fluid or circulating, the IGFs 
are associated with their carrier proteins which are believed to function as 
transporters, directing the IGFs to their target cells (35). The IGFs act as both 
endocrine hormones on distal target cbUs, as well as locally as paracrine or 
autocrine hormones. While the IGFs haws long been recognized as growth and 
anabolic factors for a wide variety of iissu&s and cell types, such as cartilage, 
muscle, and fibroblasts, their role within the nervous system has only been widely 
recognized over the last several years. However, historically this can be traced back 
to the experiments of Stephan Zamenhof in the 1940's, who demonstrated that crude 
pituitary extracts of growm hormone stimulated the growth of tadpole and rat brains. 
This brain growth-promoting activity was later shown to be due to a growth hormone 
dependent growth factor, later identified as truncated IGF-1 (32). Both IGF-1 and 
IGF-2 are synthesized within the central nervous system where they are believed to 
fulfill different functions mediated via their receptors. 

BIOSYNTHESIS OF IGF-1 IN THE CNS 

iQF-i fiftna Expression - Characterization. Localization and Regulation 

The IGF-1 gene is expressed within the CNS in a developmental^ and 
regionally specific manner. This has been demonstrated In both rats (30) and man 
(31) where IGF-1 mRNA la far more abundant during fetal life than in the adult in 
the adult, regional specificity has only been examined extensively In the rat, where 
the major expression was found in the olfactory bulb and spinal cord (30). 

The primary transcript from the gene can be alternatively spliced to 
result in either IGF-la or IGF-1& mRNA which encode prohormones differing in the 
length and stfucture of their carboxylterminal E domains (29). The IGF-1 gene 
transcripts have recently been characterized in the human brain. Using FCR 
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rf'T'Hroreoa^'onVhawB obtained the nucleotide sequence ot botn i^H-ia ana 
KSMb ? cDNA fi^SnanfcW brain. The nucleotide ser^ences of the bran KiMa 
and IGFlb cDNAs TvUre identical to that obtained in other tissues such as human 
liver wfth the exception of a base change in position 270 of IQF-Ia cDNA. 
^buoTthS bale diange may have arisen from the techniques employed, ft was 
nSldlv fo\ind SsSg effier dining or direct sequencing. .Thus, the possibility of 
a muS in 33s position, which does not influence tiro ammo^d encoded, may 
be catered Both IGF-la and IGF-1b mRNA have been identified in the rat brain 
b? ^SSSS^vflM^JP^ protection assay (22). However, unlike in man 
wW the oresence of exon 4 or 5 is mutually exclusive, both are present in the 
lGF??b mfl&Atf the T rat -and also the mouse, which leads to a change h the 
So m nMnrfranTe (39). 

in murine and human vary considerably. «n jdctoprj in both the ^ mouse and the 
rat transcription appears to be initiated at different sites Jn the IGF-I gene. Trie 
Sre^ian of these 5' untranslated regions is tissue specific, with the class C 5' 
untranslated region predominating in rat brain (23). 

The IGF-1 gene is expressed by both isolated neuronal and glial cells in 
culture ram While IGF-1 mRNA has been Identified In preparations from whole brain 
and even various CNS remans, it has only recently been possible, uang to sflu 
hybridization histochemical techniques, to localize the sites of IGF-1 synthesis within 
the CNS. in certain areas of the embryonic rat brain, such as the cortex, thalamus, 
striatum and tectum, the expression of the IGF-1 gene is tow and widespread _ (3). 
In other areas it appears to be expressed in specific restricted cell groups in a 
tlahtlv reaulated developmental manner, suggesting a specific function during 
deSetopmSrfc in the adult rat brain, IGF-1 mRNA is found in the olfactory bulb 
hippocampus and cerebellum (43). As in tile embryonic rat (3), intense IGF-1 
hybridization In the olfactory bulb is restricted to the glomerular and mrtral cells, 
in the hinoocampus, hybridization was to pyramidal cells of Arnrnon's hom in CA1 
and CA2 layers and dentate gyrus, whereas in the cerebellum, it was located to the 
granular ceil layer. These sites of IGFM synthesis are adjacent to, or overlap, IGF- 
1 receptors (42). 

The regulation of IGF-1 gene expression within the CNS is poorly understood. 
In contrast to many otner tissues and cells, particularly In the adult where GH is a 
major stimulator o IGF-1 gene transcription (23), GH does not appear to directly 
stimulate neuronal or glial cell IGF-1 production, S.rnilariy to the penpheral nervous 
svstem f13) IGF-1 synthesis may respond to local tissue injury, however, the signal 
ellcfflna this response remains elusive at this stage. Glucocorticoids which are well 
established inhibitors of brain cell proliferation, have beer) demonstrated to reduce 
IGF-1 mRNA In primary cultures of both neuronal and glial cells (1), 

Prnteirt Products 

The protein products of expression of the IGF-1 ' gene in the human brain 
have been isolated and their amino acid sequences determined. Ppst^ranslational 




fetal and adult human brain (7,33). The truncated IGF-1 appears to be the major 
qene product in the CNS since no evidenoe for the presence of intact IGF-1 could 
Be obtained. The truncated IGF-1 similarly appears as the major peptide in bovine 
colostrum (11), human platelets (19), porcine uterus (26) and has been proposed 
to represent the locally acting autocrine or paracrine form of IGF-1 (35). The 
nucleotide sequence of human fetal brain cDNA confirms thai the erninoteiTriinal 
truncation represents the only sequence modification and suggests that this cleavage 
occurs as a post-translattonal modification of the IGF-1 prohormone. The second 
product of proteolytic cleavage of the IGF-1 prohormone is the tripeptide, GPE (32). 
Although both these products have now been identified within the human brain, the 
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Fig 1 gpe and truncated ISF-1 are two identified neuroactive products of IGF-1 
gene expression In tha CNS. These peptides result from posMrarcslational 
processing of the 1GF-1 prohormone, which in the CNS, is proposed to be pro-IGF- 
1a. 
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SnKT' AsllustTated in fgrn T,"tt»" pradomlSinca of the K3F-1a 
mBNTfn the * brainhas fed to the suggestion that protege pro^g of th ? • 
Sf-13 prohorn^ne resute in the production of truncated IGM and GPE (32, 35). 

BIOLOGICAL ACTIVITY 

The oeotide products from expression of th JGF-1 gene in the brain, namely 
truncated anH GPE, appear to induce biological responses via two separate 
meSsnS The action of truncated IGF-1 is mediated via the IGM receptor. 
GPE doSliot crosinict in the lGF-1 receptor, but rather In the NMDA receptor, 
and possibly en additional, as yet undefined, mechanism (34). 

The IGM receptor appears to be present on both neurones and gHal cells 
in vitro with a structural subtype displaying altered glycosylation of the hormone- 
binding a-subunit being present on neurones ffi). The expression of the receptor 
enhinced during rapid growth phases (36,43). In^e adutt, tiie receptor .sjtfdejy 
distributed in th© human brain tor example, the highest densities of IGF-1 receptor 
are found in the hippocampus, amygdala and parahippocampal gyrus, followed by 
Sebeta ^cerebraf?Stek and caudate nucleus (2). . The developmental and 
Sgtonat expression of the IGF-1 receptor suggests a role in gr^h regulsten dunng 
ear v deveiaoment, as weD as metabolio regulation in the adult as tne distribution m 
the adult bran occurs in areas of high metabolic activity. Add/rfonaJly the ^Presence 
of both IGF-1 mPNA and immunoreactivity is found to coincide with the distribution 
and occurrence of the receptors, supporting a paracrine or autocrine role for IGF 
1 within the CNS (42). 

Over the last decade much evidence has accumulated to demonstrate that 
IGF-1 and also IGF-2 have a potent growth-promoting action of neuronal and glial 
cell precursors in vitro. Additionally, a rote in differentiation has been suggested. 
For example, IGF-1 has been reported to induce the differentiation of 
oliaodendrocytes from their bipotential precursors (25). The growth-prorntfing actons 
of both IGF-1 and IGF-2 appear to be mediated via interaction in the IGF-1 receptor 
where both peptides cross-react almost ea;uipotently. The biologrcal actions of the 
IGFs in the CMS have been recently reviewed and will not be detailed here (32). 
Truncated 1GF--I displays enhanced neurotrophic activity; both in vitro and in vivo, 
when compared to intact IGF-1 and IGF-2. Enhanced biological activity in vitro can 
be mainly attributed to failure to bind to the IGF-BPs which regulate IGF 
bioavailability to the target cells (8). Whereas the addition of BP1 to the incubation 
medium, blocks the action of intact IGF-1, it fails to bind truncated KSF-l and has 
no influence on its stimulation of neuronal and glial cell proliferation (8). Failure to 
be bound by the IGF BPs results in rapid degradation and shorter half-life of 
truncated IGF-1 In the circulation (10). Thus, systemic administration of truncated 
IGF-1, as opposed to Intact 1QF-1, fails to induce a significant growth response In 
neonatal rats. However, tne reverse is found fallowing local application where 
truncated and not intact IGF-1 displays potent growth-promoting activity. For 
example, Giacoblni et ei (12), investigated the effects of both intact and truncated 
IGF-1 on intraocular grafts of embryonic brain tissue. Truncated IGF-1 displayed 
a potent neurotrophic action on cortex and spinal cord grafts, whBreas intact igf- 
1 had no significant effect, presumably due to its binding to BPs present in synovial 
fluid which prevented bioavailability to the target cells. 

GPE is an additionei protein product from expression of the IGF-1 gene within 
the CMS. GPE fails to cross-react in any IGF receptor and does not display 
growth-promoting activity either in vitro or in vitro (34). Instgad, GPE cross-reacts 
In The NMDA (N-msthyl-D-aspartate) receptor which is a subtype of receptors for the 
maior excitatory amino acid neurotransmitter glutamate (34). GPE interaction appears 
to be specific for the NMDA receptor subtype as the trlpeptide fails to cross-react 
in either the kainate or quisqualate receptors. The carboxylterrninal glutamate 
residue of GPE is necessary for NMDA receptor binding while the arninoterminai 
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glycine residues potentiates this binding, suggesting the model shown in Fig, 2. GPE 
fs proposed to cross-rsact In both the glulamate recognition site as well as the 
glycine atlostaric site of the NMDA receptor. GPE potentiates the release of 
dopamine via Interaction in the NMDA receptor. However, GPE has an additional 
action which is not mediated via the NMDA receptor, namely the facilitation of 
Acetylcholine release. GPE potentiates the potassium evoked release of acetylcholine 
from rat striatal slices at concentrations far less than those interacting in the NMDA 
receptor and this action cannot be Inhibited by the use of specific NMDA receptor 
blockers (34)- The mechanism for GPE's potent facilitation of ACh release has not 
yet been clarified. 



Figure 2. Model of GPEs interaction in the NMDA receptor, it la proposed that 
GPE cross-reacts in the glycine eHosteric site as well as the glutamate recognition 
site. 



In conclusion, there are two identified neuroacth/e products of JGF-i gene 
expression in the CNS, nanpely truncated IGF-1 and the tripeptide, GPE, Based 
upon evidence available today, these peptides appear to fulfill quite distinct functions 
within the CNS, Truncated IGF-1 is proposed to function as an autocrine or 
parser jne anabolic factor, Involved In regulation of proliferation and dtfferentiaSon and 
possibly afso metabolic regulation in th adult, whereas GPE is believed to act as 
a neuromodulator regulating neurotransmission* GPE is the first example of the 
product of a growth factor gene having a specific role in neurotransmission. 




NMDA receptor 
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IGF-1 Gens Fvpression - fawacter izafinn. Localization and Reputation 

The expression of the IGF-2 gene in the nervous system has been wen 
characterized especially in the rat where the gene continues to be expressed in 
adult brain (5,24,30). Multiple IGF-2 transcripts, which contain identical coding 
regions but differ in their untranslated regions, are produced by the Initiation of 
transcription at several different promoter sftes in the IGF-2 gene (39). The 4,Okb 
IGF-2 transcript is greatest in the rat brain, suggesting initiation of transcription at 
the third promoter site. K5F-2 mRMA is most abundant in the brain during early 
development, but in contrast to most other tissues in the rat, Is also -found to be 
widely distributed in various Drain regions in the adult. The explanation for the 
widespread occurrence of IGF-2 mRNA In brain extracts has become clear with fe 
locafization by in situ hyDrirJfcafion. The IGF-2 gene is not expressed in neurones 
or gDfe but rather in the meninges, choroid plexus, as well as mesenchymal cells 
surrounding the blood vessels In the adult brain (18,38). Contamination of brain 
regions by these cells is thus, unavoidable. Sfmilarly In the fetus, apart from the 
choroid plexus and lepiomanlnges, IGF-2 mRNA has been detected to be present 
in a deveJopmentaDy dependent way in hypothalamus, the floor of the third ventricle, 
pineal primordium and the pars intermedia of the pituitary (3,4,37). Thus, IGF-2 te 
synthesized at highly vascularized sites within the GNS, suggesting a rare in the 
production of extracellular fluids and supply of substrates to neural tissue. However, 
an IGF BP is also synthesized in the choroid plexus (40) and the possibility must 
also bo considered that IGF-2 associates with Its BP and is transported to interact 
in distal IGF-2 receptors throughout the brain. 

in the human brain, IGF-2 mRNA Is most abundant in the feius and barely 
detectable in adult tissue with tittle membrane contamination (31). a single s.Okb 
transcript is found in the fetal brain (31) and adult hypothalamus (17), indicating that 
transcription in the human brain is initiated at the third promoter site in the IGF-2 
gene. A similar transcript has been identified in brain tumors where there is an 
over-expression of the IGF-2 gene (31). 

Protein Products 

The protein products of expression of the IGF-2 gene have been identified in 
the human brain as EGF-2 Identical to that first isolated by Rinderknecht and Humbel 
from serum (7,33), as well as a higher molecular weight term (15). The latter has 



prolGF-2 which, similar to that isolated from serum, consists of IGF-2 with a 
carbaxylterminus extension peptide. In contract to IGF-1, IGF-2 is found in the 
cerebrospinal fluid (14). The higher molecular weight form of IGF-2 predominates 
in human CSF (14) where both forms of IGF-2 are associated with en IGF-2 specific 
BP (27). Thus, the IGF-2-BP complex may circulate via the CSF to reach the widely 
distributed IGF-2 receptors. 

BIOLOGICAL ACTTvTTY 

The biological activity of IGF-2 may be mediated via two mechanisms, namely 
the lGF-1 receptor and the lGF-2/Man-S-P receptor. In purified preparations of 
human fetal brain, IGF-2 cross-reacts almost equipotently with IQF-1 in the IGF-1 
receptor, whereas only IGF-2 cross-reacts in the lGF-2/Man-S-P receptor (28). 
Based upon studies using blocking receptor antibodies in non-neural cells, it Is most 
Ifoeiy that K3F-2 induces neuronal and glial cell precursor proliferation by Interaction 
in the IGF-1 receptor, A biological role mediated via the IGF-2/Man-S-P receptor in 
the brain has yet to be demonstrated. The IGF-2/Man 6-P receptor is widely 
distributed throughout the brain, and in contract to the IGF-1 receptor, is found in 
Choroid plexus and cerebral vasculature (21,41). Studies in non-neural cells, have 
Implicated the iGF-2/Man-S-P receptor in intracellular protein trafficking and in protein 
catabolism (20). 



yet to be sequenced but presumably 
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Recently, a trophic role of IQF-2 In syrtaptogenssis has been suggested. Jshji 
(18) has reported a marked correlation between the expression of the IGF-2 gene 
in muscle and the rate of neuromuscular synapse formation during synaptoganasis, 
as well as during muscle relnnervation. Nerve sprouting has been observed 
following exposure of adult rat gluteus muscle to IQF-2 In vivo (S). These studies 
suggest That IGF-2 may act as a trophic factor from the target cells to Induce their 
innveratian. However, further studies to determine the mechanism of this action and 
the specffidty of IGF-2 Involvement remain to be performed. 

CONCLUSION 

The IGFs are synthesized within the CNS to fulfill distinct Junctions, ft has 
been proposed that the IGF-1 gene is expressed in neurones and glial cells where 
the protein products, namely truncated JGF-1 and GPE, havo an autocrine /paracrine 
action to regulate growth and modulate neurotransmission, respectively. In contract, 
IGF-2 is synthesized in choroidal epithelial cells and vascular endothelial cells and 
in addition to a possible local action on substrata transport, may circulate as the 
IGF-2-BP complex via the CSF to distal targets within the CNS. 
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